Abstract. Hierarchical fuzzy sliding-mode decoupling control method is adapted in this paper, and the nonlinear system of a double inverted pendulum is decoupled into several subsystems, an adaptive law based on the Lyapunov function is used to tune the coupling factor of the hierarchical sliding-mode controller, a favorable decoupling performance is achieved under the condition of the system guaranteed stability by simulation experiments. Simulations are performed and demonstrated the feasibility of the proposed design method, which has been more predominant than adopting conventional fuzzy sliding-mode decoupling control in decoupling performance.
Introduction
Research has important practical significance which in the uncertain condition nonlinear system control problem. Sliding-mode control is the effective method to solve the problem of nonlinear, but there are sliding mode switching litter problem [1] [2] ; Fuzzy sliding-mode control can reduce jitter, but sometimes can appear unstable phenomenon for the strong coupling system [3] . In this paper, combining with the research puts forward the hierarchical fuzzy sliding mode design method of decoupling control. First, a class of nonlinear coupled system is decomposed into several subsystems, and define sliding surface for each subsystem. Then, using hierarchical fuzzy model controller to control the whole system, will not only ensure the decoupling system performance, but also has good stability and robustness characteristics.
Double Inverted Pendulum System Model
In this study, the control device is Googol Technology Company's linear double pendulum system. Linear double pendulum's schematic diagram as shown in fig. 1 . It consists of guide rail, car, and two pendulums. A torque motor at one end of the guide rail, motor drive the car slides along the guide rail. Double inverted pendulum control system in the servo motor; pendulum rod 1 and pendulum pod 2 are installed on the optical encoder. Control of the double pendulum need 6 state variables, respectively are the pendulum position, pendulum speed, pendulum rod 1 position, pendulum rod 1 speed, pendulum rod 2 position, pendulum rod 2 speed. Obtained by the differential equation computing pendulum speed, a pendulum rod 1and rod 2 speed. Then use state feedback to control the inverted pendulum. Car and two pendulum rod force is transmitted via a hinge heritability, the final steady-state performance of the system will not fall or sudden shock divergence [4] .
Hierarchical Fuzzy Sliding-mode Control Design
Single-input Multi-output Nonlinear System State Description. Generally the single-input multi-output nonlinear coupled system can be described as [5] :
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are the comprehensive interference, and assume that they are bounded. Using hierarchical sliding mode control, define its control of the sliding-mode surface [6] expressed as: composed of independent control law. Hierarchical Fuzzy Sliding Mode Control. For the above-mentioned system, the decoupled sliding-mode surface is defined as [7] :
k is the best coupling coefficient, its reaction coupling effect between the sliding-mode surfaces s 1 and s 2 . In order to improve the decoupling performance of the coupled system, can be estimated by fuzzy inference * k . Fuzzy Inference System： R i : If s r = A i1 and s r = A i2 , then k fx = H. Where, R i is the i-th fuzzy rule i=1,2…,m; H i is described by the single adjustable volume i φ fuzzy evaluation; A ij by the j input variables and i fuzzy rules to 
Where, α is a positive constant. According to the stability condition choose η .The parameter vector is retained in the interior of the constraint condition.
Formula Eq.9 to the right is limited, so as:
So, we can get control rule:
Simulation Results , hierarchical fuzzy sliding-mode decoupling control and fuzzy sliding-mode decoupling control of the simulation results are shown in fig. 2 . Simulation results show that by using hierarchical fuzzy sliding-mode decoupling control, all of the states assemble in zero places has the good performance of the system. 
Conclusion
Hierarchical fuzzy sliding mode control of single-input multiple-output decoupling of nonlinear coupled system provides a decoupling control method. This paper is based on Lyapunov function, constitute the hierarchical fuzzy sliding-mode controller. By adjusting the decoupling coefficient to adapt to the rules, on the premise of guarantee the stability of system, improve the coupling nonlinear system decoupling performance. For double inverted pendulum system, the simulation results show that the control method is feasible and has good control performance. And for general nonlinear coupling system research provides a new theoretical method.
